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(54) Road surface condition detection system for automotive vehicles 



(57) A road surface condition detection system for 
an automotive vehicle comprises a wheel speed sensor 
for detecting a wheel speed of at least one road wheel 
to generate a wheel speed signal, and a control unit 
electrically connected to the wheel speed sensor for 
integrating an absolute value of components, being 
included in the wheel speed signal and representative 
of fluctuations in the state of the vehicle, for a predeter- 
mined period of time to produce an integrated value 
(Sa). The control unit determines that a road surface 
condition is rough when the integrated value is above a 
predetermined threshold value (y) and for determining 
that the road surface condition is good when the inte- 
grated value is below the predetermined threshold value 
(Y). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a road surface con- 
dition detection system for automotive vehicles, and 
specifically to an automotive road surface condition 
detection system which utilizes the sensor signal from a 
wheel-speed sensor, being located at a road wheel of 
the vehicle, to determine whether a road surface is a 
rough road or a good road. 

Description of the Prior Art 

On more later-model cars with an anti-lock brake 
system, a traction control system and/or a damping 
force control system for an automotive suspension sys- 
tem with a variable damping-force shock absorber, a 
road surface condition detection system is often used 
for properly varying the control characteristics of the 
anti-skid control functions, traction control functions, 
and/or damping-force control functions, depending on 
road surface conditions such as bad or good roads. One 
such road surface condition detection system has been 
proposed and disclosed in Japanese Patent Provisional 
Publication No. 3-273967. In the Japanese Patent Pro- 
visional Publication No. 3-273967, first a detection sys- 
tem detects or monitors an acceleration of a road wheel. 
Second, the system counts how many times the 
detected acceleration exceeds a predetermined thresh- 
old a (an upper limiting value) for a predetermined time 
interval, and then outputs a "count" value. Then, the 
"count" value is compared with a predetermined thresh- 
old p. The system determines that the road surface is a 
bad road if the "count" value is greater than the thresh- 
old value p. Additionally, the system varies the predeter- 
mined threshold a depending on during braking or 
during non-braking in such a manner as to set the 
threshold value a at a greater value if the brakes are 
applied. 

However, the prior art system disclosed in the Jap- 
anese Patent Provisional Publication No. 3-273967 
requires above-mentioned two threshold values a and p 
to determine whether the road surface is a bad road or 
a good road. These predetermined threshold values a 
and p must be selected properly by way of simulation 
experiments being repeatedly performed over a long 
time duration, and then the propriety of the two thresh- 
old values a and p selected must be further tested thor- 
oughly by way of repetitions of actual road tests while 
using a motor car employing a prototype road surface 
condition detection system. Such a long experiment in 
determining these two threshold values a and p, is very 
troublesome. Also, the conventional system requires at 
least two comparison tests or comparison operations for 
comparing the detected acceleration of the road wheel 
with the first threshold a and for comparing the previ- 



ously-discussed "count" value with the second thresh- 
old p. On this type of conventional system, it is difficult 
to quickly determine for a brief moment (in a short travel 
distance) as to whether the road surface condition is 

5 rough or good. In other words, the prior art system 
requires a comparatively long travel distance adequate 
to discrimination or determination of the road surface 
condition. Therefore, the conventional system cannot 
make a precise discrimination or determination on the 

to road surface condition during traveling on such roads as 
a rough road surface and a good road surface alternate 
with each other at short intervals. 

SUMMARY Q F THE INVENTION 

15 

Accordingly, it is an object of the invention to pro- 
vide a road surface condition detection system for auto- 
motive vehicles which avoids the aforementioned 
disadvantages of the prior art. 

20 K is another object of the invention to provide an 
automotive road surface condition detection system, 
which is capable of discriminating or determining a road 
surface condition for a comparatively short period of 
time, and of simplifying a control program and of reduc- 
es ing the number of simulation experiments and actual 
road tests, by reducing the number of comparison oper- 
ations and the number of a given threshold necessary 
for the comparison operation. 

In order to accomplish the aforementioned and 

30 other objects of the present invention, a road surface 
condition detection system for an automotive vehicle 
comprises a wheel-speed detection means provided for 
detecting a wheel speed of at least one of a plurality of 
road wheels to generate a wheel speed signal, an inte- 

35 gration means electrically connected to the wheel- 
speed detection means for integrating an absolute value 
of components, being included in the wheel speed sig- 
nal from the wheel-speed detection means and repre- 
sentative of fluctuations in a state of the vehicle, for a 

40 predetermined period of time, to produce an integrated 
value (Sa), and a road condition discrimination means 
electrically connected to the integration means for 
determining that a road surface condition is a bad road 
when the integrated value is above a predetermined 

45 threshold value (y) and for determining that the road sur- 
face condition is a good road when the integrated value 
is below the predetermined threshold value (y). 

The integration means may compute the integrated 
value (Sa) by integrating an amplitude of resonance-fre- 

50 quency components of vertical oscillation of an uns- 
prung mass of the vehicle for the predetermined period 
of time, the resonance-frequency components being 
included in the wheel speed signal. The road surface 
condition detection system may further comprise a 

55 band-pass filter connected between the wheel-speed 
detection means and the integration means for extract- 
ing specified frequency components included in the 
wheel speed signal within a definite band, while attenu- 
ating all other frequency components, and for transmit- 
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ting an output signal of the specified frequency 
components to the integration means. 

A road surface condition detection system may fur- 
ther comprise a rate-of-change detection means electri- 
cally connected to the wheel-speed detection means for 
detecting a rate of change in the wheel speed signal, 
and wherein the integration means may compute the 
integrated value (Sa) by integrating an absolute value of 
the rate of change in the wheel speed signal for the pre- 
determined period of time. A road surface condition 
detection system may further comprise a low-pass filter 
connected between the rate-of-change detection 
means and the integration means for transmit specified 
frequency components below a given cut-off frequency, 
while attenuating all other frequency components 
higher than resonance-frequency components of verti- 
cal oscillation of an unsprung mass of the vehicle, and 
for transmitting an output signal of the specified fre- 
quency components to the integration means. 

It is preferable that the predetermined period of 
time is set at a time interval equivalent to one complete 
revolution of the road wheel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a conceptual diagram explaining one 
exemplified road surface condition detection system of 
the invention. 

Fig. 2 is a schematic block diagram illustrating one 
example of application of a control unit incorporated in 
the system shown in Fig. 1 to a control system such as 
a skid control system, a traction control system or a 
damping force control system. 

Fig. 3 is a block diagram illustrating components of 
the control unit shown in Fig. 2. 

Fig. 4 is a flow chart illustrating an arithmetic 
processing (a series of procedures) which is performed 
by the control unit shown in Fig. 2. 

Fig. 5 is a graph illustrating output data (related to 
the system of Fig. 1) representative of integration signal 
values Sa being plotted every 360 degrees (one com- 
plete revolution) of the road wheel with a wheel-speed 
sensor during traveling on bad roads. 

Fig. 6 is a graph illustrating output data (related to 
the system of Fig. 1) representative of integration signal 
values Sa being plotted every 360 degrees of the road 
wheel. 

Fig. 7 is another conceptual diagram explaining a 
road surface condition detection system of the inven- 
tion. 

Fig. 8 is a schematic block diagram illustrating one 
example of application of a control unit incorporated in 
the system shown in Fig. 7 to a control system such as 
a skid control system, a traction control system or a 
damping force control system. 

Fig. 9 is a block diagram illustrating components of 
the control unit shown in Fig. 8. 

Fig. 10 is a flow chart illustrating an arithmetic 
processing (a series of procedures) which is performed 



by the control unit shown in Fig. 8. 

Fig. 1 1 is a graph illustrating output data (related to 
the system of Fig. 7) representative of integration signal 
values Sa being plotted every 360 degrees of the road 
s wheel with a wheel-speed sensor during traveling on 
bad roads. 

Fig. 12 is a graph illustrating output data (related to 
the system of Fig. 7) representative of integration signal 
values Sa being plotted every 360 degrees of the road 
10 wheel with a wheel-speed sensor during traveling on 
good roads. 

Fig. 13 is a graph illustrating output data (related to 
the system of Fig. 7) representative of integration signal 
values Sa being plotted every 36 degrees (1/10 revolu- 

is tion) of the road wheel with a wheel-speed sensor dur- 
ing traveling on bad roads. 

Fig. 14 is a graph illustrating output data (related to 
the system of Fig. 7) representative of integration signal 
values Sa being plotted every 36 degrees of the road 

20 wheel with a wheel-speed sensor during traveling on 
good roads. 

Fig. 15 is a modification of the routine shown in Fig. 

10. 



25 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, particularly to Fig. 2, 
the road surface condition detection system of the 

30 invention includes a wheel speed sensor 1 and a control 
unit 2. The wheel speed sensor 1 consists of a typical 
magnetic pickup type wheel speed sensor consisting of 
a toothed sensor rotor located in place at the associated 
road wheel, and a sensor unit composed of a pickup 

35 coil, a magnet located within the coil and a soft iron bar. 
In case that the magnetic pickup type wheel speed sen- 
sor is located at a front road wheel of the vehicle, the 
sensor rotor is coaxially attached to the front wheel hub, 
whereas the sensor unit is attached to the knuckle arm 

40 (the front suspension part), for example. In case that the 
wheel speed sensor is located at a rear road wheel, the 
sensor rotor is coaxially attached to the rear axle drive- 
shaft, whereas the sensor unit is attached to the rear 
wheel bearing case, for example. As the road wheel 

45 rotates, the toothed sensor rotor produces changes in 
magnetic flux, and thus the sensor unit generates a 
pulsing voltage signal, simply a pulse signal (denoted 
by SS). Although it is not clearly shown, as is generally 
known, the control unit 2 is typically comprised of an 

so input interface circuit provided for receiving the pulse 
signal SS from the wheel speed sensor 1 , a processor 
provided for performing an arithmetic processing as 
shown in Fig. 4, a memory usually composed of a read 
only memory (ROM) and a random access memory 

55 (RAM) for temporarily storing results of the arithmetic 
processing and for storing a predetermined threshold 
value denoted by y (gamma) for a designated compari- 
son operation, and an output interface circuit provided 
for outputting a command signal based on the results of 
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the arithmetic processing in the processor to the associ- 
ated actuator 3. In a conventional manner, the proces- 
sor and the memory are mutually connected to each 
other for automatic transmission and reception of infor- 
mation. For instance, the previously-noted actuator 3 
corresponds to a solenoid of an electromagnetic sole- 
noid valve through which a master-cylinder pressure is 
fed into a wheel -brake cylinder or brake fluid in the 
wheel-brake cylinder is returned via a return pump to a 
main brake line on brake-control type anti-lock brake 
systems. On brake-control type traction control sys- 
tems, the actuator 3 corresponds to an electromagnetic 
solenoid of an electromagnetic solenoid type spool 
valve through which a pressurized brake fluid is forcibly 
fed into a wheel-brake cylinder by way of an auxiliary 
pump to prevent excessive torque delivery to drive 
wheels. The actuator 3 may comprise a rotary solenoid 
or an electric motor incorporated in a variable damping- 
force shock absorber for properly varying damping- 
force characteristics on contraction or expansion 
strokes. Alternatively, in case of engine-power control 
type traction control systems, the actuator 3 may com- 
prise an throttle-valve actuator for suitably adjusting the 
throttle opening or an injection-valve actuator for suita- 
bly adjusting the injection-valve opening. The processor 
of the control unit computes or calculates a wheel speed 
on the basis of the pulse signal SS from the wheel 
speed sensor 1 and at the same time determines the 
road surface condition on the basis of specified fre- 
quency components included in the pulse signal SS, as 
hereinafter described in detail. The operational charac- 
teristics of the actuator 3 are properly varied depending 
upon the road surface condition discriminated or deter- 
mined by the processor of the control unit 2, in order to 
provide a more proper skid control, traction control 
and/or damping force control. For the purpose of deter- 
mining a road surface concfition, as shown in Fig. 3, the 
control unit 2 (precisely the processor) comprises a 
wheel-speed computing portion 2a, a band-pass filter 
2d, an amplitude integrating portion 2b, and a road sur- 
face condition discrimination portion 2c. In the shown 
embodiment, the input interface circuit of the control unit 
2 is electrically connected to a wheel speed sensor 
located at either one of the four road wheels of the vehi- 
cle to receive the wheel -speed indicative pulse signal 
therefrom. Alternatively, the input interface circuit of the 
control unit 2 may be connected to a plurality of wheel 
speed sensors respectively located at four road wheels, 
for receiving four wheel-speed indicative pulse signals 
from them. In this case, the system may more accu- 
rately determine the road surface condition on the basis 
of specified frequency components (as will be fully 
described later) included in the four pulse signals SS 
from the four sensors. 

The routine (arithmetic processing for determina- 
tion of a road surface condition), being executed by the 
processor of the control unit 2 of Fig. 3, is described in 
detail in accordance with the f bw chart shown in Fig. 4. 

Step S1 is a so-called initialization step in which a 



"count" value Cp is cleared to zero. The "count" value 
Cp is a value which is obtained by counting up a number 
of pulses of the pulsing voltage signal (the pulse signal) 
SS from the wheel speed sensor 1 . Step S2 is an initial - 

5 ization step for an integrated value Sa, in which the inte- 
grated value Sa is reset at "0". Then, step S3 proceeds 
in which the count-up operation is triggered in synchro- 
nization with the leading edge of each pulse of the 
pulses of the pulse signal SS, being generated from the 

70 wheel speed sensor 1 and input into the input interface 
circuit of the control unit 2 during the current routine. 
That is, the "count" value Cp is incremented by "1" at 
step S3 in response to each pulse output from the wheel 
speed sensor during the routine. Such a count-up oper- 

15 ation is achieved by way of a conventional pulse counter 
employed in the wheel-speed computing portion 2a. 

In step S4, read in the pulse signal SS from the 
wheel speed sensor 1 . That is, the pulse currently out- 
put from the wheel speed sensor is input into the proc- 

20 essor of the control unit 2 for the purpose of a 
programmed computing operation including a filtering 
process and a comparison operation and a calculation 
of a wheel speed. In step S5, a time interval from the 
previous pulse output to the current pulse output (pre- 

25 cisely a time interval between a leading edge of the pre- 
vious one pulse and a leading edge of the current one 
pulse) is computed, and then a wheel speed WV is cal- 
culated on the basis of the time interval computed. As 
may be appreciated, the shorter the time interval com- 

30 puted, the greater the wheel speed VW. That is, the 
wheel speed VW is in inverse-proportional to the time 
interval between the two adjacent pulses. In step S6, a 
specified filtering process is made to the current one 
pulse read through step S4 by means of a band-pass f il- 

35 ter 2d, so as to extract or pass resonance-frequency 
components of vertical oscillation of the unsprung mass 
of the vehicle within a definite band of 10 to 15 Hz. In 
step S7, firstly calculated is the amplitude (the maxi- 
mum absolute value) of the resonance-frequency com- 

40 ponents passed through the band-pass filter 2d. 
Secondly, the integrated value Sa is updated by a new 
integrated value which is obtained by adding the current 
amplitude to the previous integrated value stored in the 
predetermined memory address of the memory 

45 included in the control unit 2. The integration function is 
performed by means of the amplitude integrating por- 
tion 2b included in the control unit 2. In step S8, the 
"count" value Cp is compared with a predetermined 
number n. In the shown embodiment, the predeter- 

50 mined number n is set at a number of the pulses corre- 
sponding to one complete revolution (360 degrees) of 
the road wheel being equipped with the wheel speed 
sensor 1 . For example, assuming that the sensor rotor 
has 110 teeth, the predetermined number n is preset at 

55 "1 1 0". When the ' count" value Cp is less than the prede- 
termined number n, the procedure returns from step S8 
to step S3 so as to continue the integration operation. 
When the predetermined number n is achieved, step S9 
enter in which the integrated value Sa is compared with 
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a predetermined threshold value y. When step S9 deter- 
mines that the integrated value Sa is less than the 
threshold value y, step S10 proceeds in which a flag 
Rflag is reset to "0". In contrast, when step S9 deter- 
mines that the integrated value Sa is above the thresh- 5 
old y, step S1 1 proceeds in which the flag Rflag is set at 
"1". Rflag = 1 signals that the current road surface con- 
dition is bad, whereas Rflag = 0 signals that the current 
road surface condition is good. Thus, the flag Rflag will 
be hereinbelow referred to as a "road condition indica- 10 
tive flag". 

Referring now to Figs. 5 and 6, there are shown test 
results of actual road tests which were experimentally 
assured by the inventor of the present invention, using a 
motor vehicle equipped with the road surface condition is 
detection system of the embodiment shown in Figs. 2, 3 
and 4. Fig. 5 shows the output data of the integrated val- 
ues (or the integration signal values) Sa being plotted 
every one complete revolution of the road wheel with 
the sensor 1 during traveling on bad roads, in the form 20 
of a polygonal-line graph which is obtained by connect- 
ing two adjacent plots (two adjacent integration signal 
values) to each other. On the other hand, Fig. 6 shows 
the output data of the integrated values Sa being plotted 
every one complete revolution of the road wheel with 2s 
the sensor 1 during traveling on good roads. In compar- 
ison with variations in the integrated values Sa shown in 
Fig. 6 (during traveling on good roads), the integrated 
values Sa shown in Fig. 5 (during traveling on bad 
roads) greatly fluctuate and the variations in the inte- 30 
grated values Sa of Fig. 5 are relatively great so that 
some of the integrated values Sa are above the thresh- 
old y. In contrast, during traveling on good roads (see 
Fig. 6), the integrated values Sa are comparatively sta- 
ble and the variations in the integrated values Sa of Fig. 35 
6 are small so that all of the integrated values Sa are 
less than the threshold y. in Figs. 5 and 11, T denotes a 
travel distance (e.g., 2 m) corresponding to one com- 
plete revolution (360 degrees) of the road wheel. 

With the previously-noted arrangement, the road 40 
surface condition detection system of the embodiment 
operates as follows. 

During traveling on good roads, there is less wheel 
slip at each road wheel, and thus the amplitudes (the 
maximum absolute value) of the resonance-frequency 45 
components of vertical oscillation of the unsprung mass 
of the vehicle become small and also the integrated 
value Sa of the amplitudes is maintained below the 
threshold y during driving on good roads, as seen in Fig. 
6. As a result of this, the processor of the control unit 2 so 
determines through the flow from step S8 via step S9 to 
step S10 that the road surface condition is good. During 
traveling on bad roads, the vehicle may experience a 
great wheel slip at each road wheel, and thus the ampli- 
tudes (the maximum absolute value) of the resonance- 55 
frequency components of vertical oscillation of the uns- 
prung mass of the vehicle become great and therefore 
the integrated value Sa of the amplitudes may exceed 
the threshold y during driving on bad roads, as seen in 



Fig. 5. Thus, the processor of the control unit 2 deter- 
mines through the flow from step S8 via step S9 to step 
S1 1 that the road surface condition is bad. As discussed 
above, the system of the embodiment shown in Figs. 2 
and 3 utilizes the amplitude of the resonance-frequency 
components of vertical oscillation of the unsprung mass 
of the vehicle, which frequency components are 
included in the pulse signal SS from the wheel speed 
sensor 1, as a vehicle-behavior factor or a vehicle- 
behavior component being correlative with the road sur- 
face condition. This is because the amplitude of the res- 
onance frequency components reflects the vehicle 
behavior such as wheel slip. Additionally, the system 
can determine the road surface condition by way ol only 
one comparison operation of the integrated value Sa of 
the amplitude (the maximum absolute value) of the res- 
onance-frequency components of vertical oscillation of 
the unsprung mass with the predetermined threshold y. 
The system of the embodiment as shown in Figs. 2 to 4 
provides the following effects. 

The system of the embodiment merely requires set- 
ting of only one threshold value y for the purpose of 
determination of a road surface condition. Only one 
threshold value y facilitates work load of a simulation 
and an actual road test necessary for determination of 
the threshold y. Also, only one comparison operation as 
described previously simplifies the control program 
itself. In comparison with at least two comparison oper- 
ations hitherto performed, the previously-discussed one 
comparison operation effectively minimizes a time nec- 
essary to determine the road surface condition. In the 
shown embodiment, since a determination or a discrim- 
ination for a road surface condition is made every one 
complete revolution of the road wheel, a responsive- 
ness of determination of the road surface condition can 
be remarkably enhanced, as compared with the con- 
ventional system. Of frequency components included in 
the pulse signal SS from the wheel speed sensor 1 , only 
the resonance-frequency components within a desired 
frequency band of 10 to 15 Hz are efficiently extracted 
or transmitted by means of the band-pass filter 2d. The 
band-pass filter eliminates the need for a complicated 
filtering device that a low-pass filter and a high-pass fil- 
ter are combined with each other. Also, the band-pass 
filter serves as a noise attenuator which functions to 
attenuate several noises, such as high-frequency noise 
components created between the road surface and the 
tire, noise (undesired signal frequencies of 50 to 60Hz) 
produced by an electrical apparatus being generally 
usable at a specified frequency such as 50 Hz or 60 Hz, 
and/or high-frequency noise components produced by 
an electric motor mounted on a motor car. The band- 
pass filter is also effective to prevent the control unit 2 
from malfunctioning due to undesired noise. In the pre- 
viously-discussed embodiment, although a specified 
frequency range of 10 to 15 Hz is used as a definite 
band of the band-pass filter, a definite band of frequen- 
cies has to be determined depending on resonance-fre- 
quency characteristics of vertical oscillation of the 
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unsprung mass of a vehicle. 

As will be appreciated from the above, in the sys- 
tem of the invention, the operation of discrimination or 
determination of the road surface condition can be 
attained by integrating the amplitude (the maximum 
absolute value) of specified frequency components 
(reflecting fluctuations or variations in the state of the 
vehicle owing to input vibrations transmitted from the 
road surface to the road wheel during traveling) 
included in a signal from a wheel speed sensor, and by 
comparing the integrated value with a predetermined 
threshold value. Thus, the system can satisfactorily 
quickly detect the road surface condition even when the 
state or behavior of the vehicle varies owing to changes 
in the vehicle speed (or the wheel speed). 

Returning to Fig. 1, there is shown a conceptual 
diagram of one embodiment of the road surface condi- 
tion detection system made according to the invention. 
As seen in Fig. 1 , the system comprises a wheel-speed 
detection means a provided for generating a wheel 
speed signal indicative of a wheel speed of at least one 
road wheel, an amplitude integration means b electri- 
cally connected to the wheel-speed detection means a 
for integrating an amplitude (the maximum absolute 
value) of resonance-frequency components (included in 
the wheel speed signal from the wheel-speed detection 
means) of vertical oscillation of the unsprung mass of 
the vehicle for a predetermined period of time to pro- 
duce an integration signal value (Sa), and a road condi- 
tion discrimination means c electrically connected to the 
amplitude integration means b for determining that the 
road surface condition is a bad road when the integra- 
tion signal value (Sa) is above a predetermined thresh- 
old value (y) and for determining that the road surface 
condition is a good road when the integration signal 
value (Sa) is below the predetermined threshold value 
(y). Also, as seen in Fig. 1 , if a band-pass filter d is fur- 
ther connected between the wheel-speed detection 
means a and the amplitude integration means b, the 
band-pass filter may act to uniformly transmit or extract 
resonance-frequency components such as 10 to 15 Hz 
of vertical oscillation of the unsprung mass within a def- 
inite band, while effectively removing noise compo- 
nents. Moreover, it is preferable that the above-noted 
predetermined time period necessary for integrating the 
amplitude of the resonance-frequency components, is 
set at a relatively short period equivalent to one revolu- 
tion (360 degrees) of the road wheel. Such a properly 
shorter period for the operation of integration permits 
the system to quickly and precisely determine the road 
surface condition even during traveling under a particu- 
lar road surface condition wherein a bad road surface 
and a good road surface alternate with each other at 
short intervals. 

Referring now to Figs. 8 and 9. there are shown 
another exemplified road surface condition detection 
system. The system shown in Figs. 8 and 9 is similar to 
the system of Figs. 2 and 3. As seen in Fig. 8, the con- 
trol unit 2 incorporated in this system is also connected 



between the wheel-speed sensor 1 (e.g.. a typical mag- 
netic pickup type wheel speed sensor) and the actuator 
3 (e.g.. an electromagnetic solenoid, an electric motor, a 
rotary solenoid or the like) of a control system such as a 

5 traction control system, a skid control system, a damp- 
ing-force control system or the like. Thus, the same ref- 
erence signs used to designate elements in the system 
shown in Fig. 3 will be applied to the corresponding ele- 
ments used in the system shown in Fig. 9, for the pur- 

w pose of comparison of the two different systems. The 
control unit incorporated in the system of Fig. 9 is differ- 
ent from that of Fig. 3. in that the operation of integration 
of the amplitude of resonance-frequency components of 
vertical oscillation of the unsprung mass is replaced by 

is the operation of computation of the absolute value of 
the rate of change in wheel speed, and thus a low-pass 
filter is used in place of a band-pass filter. 

Referring to Fig. 9, the control unit 2 incorporated in 
the system of the other embodiment comprises a 

20 wheel -speed computing portion 2a, a wheel-speed rate- 
of-change computing portion 2e, a low-pass filter 2h, an 
absolute value/integration value computing portion 
(simply an absolute value computing portion) 2f and a 
road condition discrimination portion 2g. The routine for 

25 determination of a road surface condition, being exe- 
cuted by the processor of the control unit 2 of Fig. 9. is 
described in detail in accordance with the flow chart 
shown in Fig. 1 0. The routine of Fig. 1 0 is similar to that 
of Fig. 4, except that steps S6 and S7 included in the 

30 routine shown in Fig. 4 are replaced with steps S5a, 
S6a and S7a included in the routine shown in Fig. 10. 
Steps S5a, S6a and S7a will be hereinafter described in 
detail, while detailed description of steps S1 to S5, S8, 
S10 and S11 will be omitted because the above 

35 description thereon seems to be self-explanatory. 

In step S5a, a rate-of-change 
Dw (= VW n - VW n . n ) in the wheel speed is obtained by 
subtracting a previous value VVv^ of the wheel speed 
data from a current value VW n , these wheel speed data 

40 being stored in the predetermined memory addresses 
of the memory. 

In step S6a, a specified f Otering process is made to 
the current rate-of-change Dw obtained through the 
operation of subtraction (VW n - VWp.^ at step S5a by 

45 means of a low-pass filter 2h, so as to pass or transmit 
frequency components below a given cut-off frequency 
such as 20 Hz. In step S7a. the absolute value | Dw* | of 
the current rate-of-change Dw* (n) filtered through the 
low-pass filter 2h is calculated. At the same time, in step 

so S7a, the integrated value Sa is updated by a new inte- 
grated value which is obtained by adding the absolute 
value | Dw* | of the current rate-of-change Dw'^ filtered 
to the previous integrated value Sa^.^ stored in the pre- 
determined memory address. The integration function 

55 (Sa (n) <- Sa (rv1) + | Dw' | ) is performed by means of 
the absolute value/integration value computing portion 
2f. In step S8, the "count" value Cp is compared with a 
predetermined number n for example one complete rev- 
olution (360 degrees) of the road wheel. When the pre- 
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determined number n is achieved, step S9 enter in 
which the integrated value Sa is compared with a prede- 
termined threshold value y. When step S9 determines 
that the integrated value Sa is less than the threshold 
value y, step S10 proceeds in which the road condition 
indicative flag Rf lag is reset. In contrast, when step S9 
determines that the integrated value Sa is above the 
threshold y, step S1 1 proceeds in which the road condi- 
tion indicative flag Rf lag is set. 

Referring now to Figs. 1 1 and 12, there are shown 
test results of actual road tests which were experimen- 
tally assured by the inventor of the present invention, 
using a motor vehicle equipped with the road surface 
condition detection system of the embodiment shown in 
Figs. 8, 9 and 10. Fig. 1 1 shows the output data of the 
integrated values (or the integration signal values) Sa 
being plotted every one complete revolution of the road 
wheel during traveling on bad roads. On the other hand, 
Fig. 12 shows the output data of the integrated values 
Sa being plotted every one complete revolution of the 
road wheel during traveling on good roads. In compari- 
son with variations in the integrated values Sa shown in 
Fig. 12 (during traveling on good roads), the integrated 
values Sa shown in Fig. 11 (during traveling on bad 
roads) greatly fluctuate and the variations in the inte- 
grated values Sa of Fig. 1 1 are relatively great so that 
some of the integrated values Sa are above the thresh- 
old y. In contrast, during traveling on good roads (see 
Fig. 12), the integrated values Sa are comparatively sta- 
ble and the variations in the integrated values Sa of Fig. 
12 are small so that all of the integrated values Sa are 
less than the threshold y. As set for above, the system of 
the other embodiment shown in Figs. 8, 9 and 10 can 
provide the same effects as the embodiment shown in 
Figs. 2, 3 and 4. 

Although the systems of the previously-discussed 
two embodiments are designed to discriminate or deter- 
mine the road surface condition every one complete 
revolution of the road wheel, the operation of determina- 
tion of a road surface condition may be executed every 
two complete revolutions (corresponding to the number 
2n of pulses) of the road wheel or every 1/2 road-wheel 
revolution (180 degrees), i.e., the number o.5n of 
pulses. 

Alternatively, the predetermined number for the 
"count" value Cp may be arbitrarily set at a proper 
"count" value for example 10 counts, 20 counts,. 50 
counts or 100 counts, regardless of revolution speeds of 
the road wheel. The processor of the control unit deter- 
mines the road surface condition by comparing the inte- 
grated value Sa with the predetermined threshold value 
y at the time when the predetermined number for the 
"count" value Cp is achieved. The predetermined 
number for the "count" value Cp can be replaced with a 
predetermined time period, such as 1 second or 2 sec- 
onds, measured from the beginning of the routine as 
shown in Figs. 4 or 10. In the event that the predeter- 
mined time period is set at an excessively short period 
of time, as can be appreciated from the graphs shown in 



Figs. 13 and 14, there is a possibility that the control 
system cannot response satisfactorily Figs. 13 and 14 
show test results of actual road tests which were exper- 
imentally assured by the inventor of the present inven- 

5 tion, using a motor vehicle equipped with the road 
surface condition detection system of the embodiment 
shown in Figs. 8, 9 and 10. Fig. 13 shows the output 
data of the integrated values (or the integration signal 
values) Sa being plotted every 1/10 revolution of the 

10 road wheel during traveling on bad roads. On the other 
hand, Fig. 14 shows the output data of the integrated 
values Sa being plotted every 1/10 revolution of the road 
wheel during traveling on good roads. As appreciated 
from the superimposed pattern of the integrated value 

15 indicative output voltage signal data Sa shown particu- 
larly in Fig. 13, undesired noise components are super- 
imposed into the test data. That is, the output signal 
data Sa tend to fluctuate greatly, in the case that the 
time period, necessary to achieve the operation of inte- 

20 gration, is set at an excessively short time such as 1/10 
revolution of the road wheel. In such a case, the results 
of determination of the road surface condition may fre- 
quently vary from a good road condition to a bad road 
condition or vice versa. This lowers the responsiveness 

2$ of the control system. Thus, the predetermined time 
period for the operation of integration must be optimally 
determined in consideration of the responsiveness of 
the control system. In the embodiment shown in Figs. 8 
to 10, the system uses the low-pass filter 2h. in the 

30 same manner as the band-pass filter 2d employed in the 
system shown in Figs. 2 to 4, the low-pass filter also 
serves as a noise attenuator being effective to attenuate 
several noises, particularly high-frequency noise com- 
ponents. 

35 Referring now to Fig. 1 5, there is shown a modified 
arithmetic processing executed by the processor of the 
microcomputer employed in the controller 2. The modi- 
fied routine shown in Fig. 15 is similar to the routine of 
Fig. 10. except that step S8 is executed after steps S10 

40 or Si 1 in the modified routine of Fig. 15. Thus, the sys- 
tem equipped with the processor, which is capable of 
executing the modified routine of Fig. 15, may provide 
the same effects as the embodiments as discussed 
above. 

45 Returning to Fig. 7, there is shown a conceptual 
diagram of another embodiment of the road surface 
condition detection system made according to the 
invention. The system comprises a wheel-speed detec- 
tion means a provided for generating a wheel speed sig- 

50 nal indicative of a wheel speed of at least one road 
wheel, a wheel-speed rate-of -change detection means 
e electrically connected to the wheel-speed detection 
means a for detecting a rate of change in the wheel 
speed signal from the wheel -speed detection means, a 

55 rate-of-change integration means f electrically con- 
nected to the wheel-speed rate-of-change detection 
means e for integrating the absolute value of the rate of 
change in the wheel speed signal for a predetermined 
period of time to produce an integration signal value 
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(Sa), and a road condition discrimination means g elec- 
trically connected to the rate-of-change integration 
means f for determining that the road surface condition 
is a bad road when the integration signal value (Sa) is 
above a predetermined threshold value (y) and for 
determining that the road surface condition is a good 
road when the integration signal value (Sa) is below the 
predetermined threshold value (y). As seen in Fig. 7, if a 
low-pass fitter h is further connected between the 
wheel-speed rate-of-change detection means e and the 
rate-of-change integration means f, the low-pass filter 
may act to transmit frequency components below a 
given cut-off frequency such as 20 Hz, while effectively 
attenuating the other frequency components (noises, 
i.e., frequency components higher than resonance-fre- 
quency components of vertical oscillation of the uns- 
prung mass). Furthermore, it is preferable that the 
above-noted predetermined time period necessary for 
integrating the absolute value of the rate of change in 
the wheel speed signal, is set at a relatively short period 
equivalent to one revolution (360 degrees) of the road 
wheel, so as to permit the road surface condition detec- 
tion system to quickly and precisely determine the road 
surface condition and to enhance the responsiveness of 
the control system. 

While the foregoing is a description of the preferred 
embodiments carried out the invention, it will be under- 
stood that the invention is not limited to the particular 
embodiments shown and described herein, but that var- 
ious changes and modifications may be made without 
departing from the scope or spirit of this invention as 
defined by the following claims. 

Claims 

1. A road surface condition detection system for an 
automotive vehicle, comprising: 

a wheel-speed detection means provided for 
detecting a wheel speed of at least one of a 
plurality of road wheels to generate a wheel 
speed signal; 

an integration means electrically connected to 
the wheel-speed detection means for integrat- 
ing an absolute value of components, being 
included in said wheel speed signal from said 
wheel-speed detection means and representa- 
tive of fluctuations in a state of the vehicle, for a 
predetermined period of time, to produce an 
integrated value (Sa) ; and 
a road condition discrimination means electri- 
cally connected to said integration means for 
determining that a road surface condition is a 
bad road when said integrated value is above a 
predetermined threshold value (y) and for 
determining that the road surface condition is a 
good road when said integrated value is below 
said predetermined threshold value (y). 



2. A road surface condition detection system as 
claimed in claim 1 , wherein said integration means 
computes said integrated value (Sa) by integrating 
an amplitude of resonance-frequency components 
5 of vertical oscillation of an unsprung mass of the 

vehicle for said predetermined period of time, said 
resonance-frequency components being included 
in said wheel speed signal. 

io 3. A road surface condition detection system as 
claimed in claim 2, which further comprises a band- 
pass filter connected between said wheel-speed 
detection means and said integration means for 
extracting specified frequency components 

75 included in said wheel speed signal within a definite 
band, while attenuating all other frequency compo- 
nents, and for transmitting an output signal of said 
specified frequency components to said integration 
means. 

20 

4. A road surface condition detection system as 
claimed in claim 3, wherein said predetermined 
period of time is set at a time interval equivalent to 
one complete revolution of the road wheel. 

25 

5. A road surface condition detection system as 
claimed in claim 1. which further comprises a rate- 
of-change detection means electrically connected 
to said wheel-speed detection means for detecting 

30 a rate of change in said wheel speed signal, and 
wherein said integration means computes said inte- 
grated value (Sa) by integrating an absolute value 
of said rate of change in said wheel speed signal for 
said predetermined period of time. 

35 

6. A road surface condition detection system as 
claimed in claim 5, which further comprises a low- 
pass filter connected between said rate-of-change 
detection means and said integration means for 

40 transmit specified frequency components below a 
given cut-off frequency, while attenuating all other 
frequency components higher than resonance-fre- 
quency components of vertical oscillation of an 
unsprung mass of the vehicle, and for transmitting 

45 an output signal of said specified frequency compo- 
nents to said integration means. 

7. A road surface condition detection system as 
claimed in claim 6, wherein said predetermined 

so period of time is set at a time interval equivalent to 
one complete revolution of the road wheel. 
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(57) A road surface condition detection system for 
an automotive vehicle comprises a wheel speed sensor 
for detecting a wheel speed of at least one road wheel 
to generate a wheel speed signal, and a control unit 
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integrating an absolute value of components, being 
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